Introduction
Suture zones are major crustal discontinuities that record a history of ocean closure and continental collision (e.g., Dewey, 1977) . They are marked by a succession of disrupted oceanic sedimentary and igneous rocks, often including slivers of ophiolite. They separate blocks of contrasting history and are zones of lithospheric weakness often resulting in a long and complex history of reactivation.
Southeast Asia is cut by a series of suture zones that separate Gondwana-derived terranes at which record the transfer across the Tethys Ocean and accretion onto Asia during the late Paleozoic and Mesozoic (e.g., Cater et al., 2001; Metcalfe, 2002 Metcalfe, , 2006 Metcalfe, , 2011 Metcalfe, , 2013 .
The Ailaoshan suture zone, the focus of this paper, separates the Yangtze Block of the South China Craton to the north from the Simao-Indochina Block to the south (Fig. 1a, Metcalfe, 2011 , 2013 . It is commonly accepted to link with the Jinshajiang suture toward the northwest and the Song Ma-Hainan suture to the southwest along strike extension. The zone incorporates a succession of Proterozoic and Paleozoic rocks, derived at least in part from the enclosing blocks, along with late Paleozoic to
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A series of elongate granitic intrusions also occur within the Ailaoshan suture zone, especially in the region bounded by the Ailaoshan and Lixianjiang faults (Fig. 1b) . They intrude Silurian to Permian strata (Yunnan BGMR, 1990 ) and both of these bodies, the Xin'anzhai and Tongtiange plutons, constitute the focus of this study. The
Xin'anzhai pluton covers an area of ~450 km 2 and is unconformably overlain by the upper Triassic Gaoshanzhai Formation (Yunnan BGMR, 1990) . It is a medium grained biotite monzogranite containing 30-40 % plagioclase, 25-35 % alkali feldspar, 25-30 % quartz and 3-7 % biotite, along with the accessory magnetite, zircon and apatite. The Tongtiange pluton within the central part of the Ailaoshan suture zone is strongly elongated and shows a parallel extension to the Ailaoshan fault (Fig. 1b) .
This pluton is a medium grained leucogranite containing 30-35 % plagioclase, 40-45 % alkali feldspar, 20-35 % quartz, 3-5 % biotite, 1-2 % muscovite and minor amounts of magnetite, zircon and apatite. Locations of samples for zircon geochronology and whole rock isotopic measurements are given in Table 1 .
Analytical methods
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procedure followed Li et al. (2002) . Sr, Nd isotopic analyses were carried out at the GIG CAS on a Neptune Plus (Thermo Fisher Scientific, MA, USA) multi-collection mass spectrometry equipped with nine Faraday cup collectors and eight ion counters.
Details analytical methods are presented by Yang et al. (2006) . Normalizing factors used to correct the mass fractionation of Sr and Nd during the measurements were 86 Sr/ 88 Sr = 0.1194 and 146 Nd/ 144 Nd = 0.7219 (Yang et al., 2005 (Yang et al., , 2007 .
Zircon U-Pb and Lu-Hf systematics
Four representative samples, two biotite monzogranites from the Xin'anzhai pluton (HH-43A and HH-45B) and two leucogranites from the Tongtiange pluton (ML-34A and ML-34G) were collected for zircon isotopic analysis (Supplementary   Data Table 1 ). Zircon grains for in-situ U-Pb and Lu-Hf isotopic analyses were mostly euhedral, transparent to colorless, and stubby to elongate in shape with the lengths of 100-200 μm and widths of . Backscatter electron (BSE) and CL images of all grains display well-preserved euhedral growth zones, with unperturbed oscillatory zoning, typical of igneous zircon (e.g., Hanchar and Miller, 1993) .
Zircon U-Pb geochronology
Zircon U-Pb dating results are listed in the Supplementary Data Table 1 and presented on concordia plots in Figs. 2c-f. U and Th concentrations for all analyzed grains range from 87 to 1225 ppm and 508 to 5528 ppm, respectively, with Th/U ratios of 0.10 to 0.69, consistent with an igneous origin. The 206 Pb/ 238 U weighted mean ages were used to determine crystallization ages. A C C E P T E D M A N U S C R I P T Tongtiange pluton: Grains with early Triassic crystallization ages from the pluton have negative ε Hf (t) values ranging from -16.6 to -3.2 for sample ML-34A and -11.9 to -3.4 for ML-34G and the corresponding T DM2 ages are in the range of 2.32-1.48 Ga and 2.03-1.49 Ga, respectively.
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Zircon in-situ Lu-Hf isotopes
Whole-rock geochemical results
The whole-rock major oxides and trace elemental data for the analyzed samples are listed in Table 2 . Samples from the Xin'anzhai pluton exhibit low SiO 2 , high MgO, 
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leucogranites (Zhang et al., 2004; Streule et al., 2010) . The Tongtiange samples are strongly peraluminous granites, suggesting an origination of (1) aluminous-rich meta-sedimentary rocks, (2) amphibolites under H 2 O-rich conditions (Ellis and Thompson, 1986) , or (3) fractionation of aluminous-poor magma (Zen, 1986) .
However, the products from either case (2) or (3) are usually characterized by Naand Sr-enrichment (Ellis and Thompson, 1986; Zen, 1986) , which contrasts to the results from the Tongtiange S-type granites (Figs. 4g and 5a). These S-type granites have the highest SiO 2 and lowest FeOt, CaO, MgO and TiO 2 contents among the reported igneous rocks along the Ailaoshan shear zone, indicating that they are unlikely to be derived by mixing between mantle-derived mafic and crust-derived felsic magmas. Thus, it is most likely that these granites originated from a meta-sedimentary source. This is further supported by the following observations. Chappell and White, 1992; Jung et al., 2003) .
Other evidence for a two-component mixing origin for the Xin'anzhai granites include:
(1) MgO + FeO + TiO 2 decrease with increasing SiO 2 (Fig. 4b) ; (2) 
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ACCEPTED MANUSCRIPT (Rapp and Watson, 1995; Chen and Arakawa, 2005) . A number of factors suggest that the formation age of the mafic source was considerably older than the timing of granite emplacement. These factors include that: (1) (Fig. 7a) .
Experimental data has demonstrated that biotite, muscovite and feldspar in paragneiss will breakdown when the temperature is higher than 800-850 ℃ (Thompson and Connolly, 1995), but dehydration melting of amphibolites requires much higher temperatures (>1000℃, Rapp and Watson, 1995) . Numerical modeling by Ellis and Thompson (1986) and Wang et al. (2007) reveals that widespread anatexis occur at mid-or lower crustal levels when the crust is tectonically thickened 1.5 to 2 times. Furthermore, a 50 % increase of heat production in the tectonically thickened crust could raise the temperature at its base by 150-200°C. Indosinian pelitic granulite in the Ailaoshan suture zone showed the peak metamorphic temperature of 850-919°C (Qi et al., 2012) . Thus, the thermal budget provided by
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radioactive decay and crustal thickening would be sufficient to achieve the high-grade metamorphic conditions and to induce partial melting of the Neoproterozoic gneisses at middle or lower crustal depths. However, such conditions are insufficient to trigger the partial melting of the Neoproterozoic amphibolites at lower crust levels without additional heat input from the mantle processes.
Record of Indosinian Orogenesis along the Ailaoshan zone and environs
The A compilation of age-data shows that early Indosinian magmatic activity is widespread in the vicinity of the Jinshajiang, Song Ma and Hainan zones (Fig. 10) . In general, the igneous rocks with the crystallization age of >247 Ma are mainly composed of diorite, granodiorite and monogranite and exhibit similar geochemical signatures to the Xin'anzhai granites. These bodies include the Baimaxueshan pluton
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(254-248 Ma) along the Jinshajiang suture zone (Zi et al., 2012a) , the Muong Lay Gao et al., 2010; Zhu et al., 2011; Zi et al., 2013) .
The rhyolite and rhyodacite in the upper units of the Cuiyibi Formation were dated at 242-239 Ma (Zi et al., 2012c) . Furthermore, the extrusive components of this magmatic activity are unconformable on older deformed units and thus tightly constrain the tectonothermal activity to the Early Triassic at ~247 Ma (Fig. 10) .
Data of the metamorphic rocks from either within the suture zone or the adjoining Yangtze and Simao-Indochina Blocks also suggest orogenesis occurring during earliest Triassic period. The syn-kinematic hornblende, biotite and muscovite Symbols are the same as in Fig. 3 . (1985) and Rudnick and Fountain (1995) , respectively. Symbols are the same as in Fig. 4 . 
Tectonic implication
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(1993), Zhang et al. (2004) and Streule et al. (2010) . Symbols are the same as in Fig. 4 . A C C E P T E D M A N U S C R I P T 
